INTRODUCTION
A high resolution aeromagnetic survey with line spacing of 20 metres and terrain clearance of 20 metres was acquired as part of an alluvial gold exploration program in the Teetulpa area of the southern Flinders Ranges, South Australia. This survey revealed previously undetected compact anomalies, some of which we interpret as due to kimberlite pipes. The existence of kimberlite in the general region was already known, but not within this survey area. This case study illustrates that while a great deal of new geological information has resulted from regional aeromagnetic surveys, they do not exhaust the geological information carried in the earth's magnetic field. In the search for small targets, such as kimberlites, failure to detect anomalies in a regional survey data set does not necessarily quarantine an area. This anomaly has been selected as a case study to develop an integrated methodology of geological, geophysical and geochemical studies, to optimise mapping near-surface geology in areas of high-resolution aeromagnetic surveys. A methodology of diamond exploration, in which magnetic surveys play a critical and central part is described by Fowler et al. (2001) , and a review of the various geophysical expressions of kimberlite, on which other followup studies can be planned is given by Macnae (1979) .
GEOLOGY AND NEARBY KIMBERLITES
The underlying basement rock in the study area is metasediment of the Adelaide Geosyncline, a Neoproterozoic rift complex dominated by fill of sedimentary rock. The Nackara Arc is a sub-domain of the Adelaide Geosyncline, being an arcuate fold and fault belt with fold axis trends varying from north-south to east-west in a regular manner, and over a distance of ~250 km from the SW to the NE. The particular area of interest, the Teetulpa Goldfield is located near the eastern limit of the Nackara Arc. Basement to the goldfield is a thick, monotonous sequence of metasiltstone of the Tapley Hill Formation of the Sturtian Umberatana Group, a sequence that includes much of the glacial deposits of the Adelaide Geosyncline. Structurally the goldfield is located at the nose of a regional, E-plunging anticline (M Davies 2014, pers. Comm.., 28 th August). Mesozoic kimberlitic rocks intrude the sedimentary sequence in the Terowie area, which is situated within the hinge zone of the Nackara Arc. These rocks occur as plugs and dykes, close to the Burra Group-Umberatana Group unconformity (Colchester, 1972) .In addition, several diapirs have been mapped intruding Burra Group sediments within anticlinal cores of the hinge zone.
SUMMARY
We investigate a small (100 metre width) 150 nT amplitude magnetic anomaly delineated in a high-resolution aeromagnetic survey in the Teetulpa Goldfield of the southern Flinders Ranges. We believe that the anomaly is due to a kimberlite pipe, part of a field already known in the general region. As is quite common with kimberlites, the magnetization is clearly dominated by remanence. Modelling the anomaly reveals that the source is very shallow, and would have outcropped at some stage. Follow-up ground geophysical, geochemical and biogeochemical investigations are planned to establish a methodology for integrated studies as follow-up to high resolution aeromagnetic surveys.
Key
words: aeromagnetic anomaly remanent magnetization kimberlite diamond. The remanent anomaly under investigation is situated highlighted by the black box in Figure 2 . Other similar anomalies are evident to the west and north of this anomaly. The anomaly of interest is shown in Figure 3 . The east-west width of the anomaly (perpendicular to the flight lines) is approximately 100 metres, the amplitude range is 274 nT, and the trough to peak ratio is 1.5. The form of the anomaly clearly indicates that the magnetization is dominated by reverse remanence of south-easterly azimuth and moderate inclination. Figure 4 shows that only one flight-line of the regional survey passes over the anomaly. The anomaly is not evident in either the regional grid contours (shown in blue in Figure 4 ), or the contours of the high resolution grid upward continued to that height (shown in red). Figure 5 shows a 5.6 km section of the regional survey flight-line. The black trace is the measured profile, and the red trace is interpolation from the upward continued high resolution grid. The purple trace shows the expression of the anomaly on that flight line, as forward computed from the inversion model generated from the high resolution data. At this elevation the anomaly causes a field variation of 20 nT, which can be seen in the regional survey line data. However this is weaker than other nearby field variations, and there is no recognisable expression on adjacent flight lines. A total gradient enhancement of the anomaly in the high resolution data set is shown in Figure 6 . This enhancement reveals inhomogeneity of the source that is not clear in the TMI data. Such inhomogeneity is common in kimberlites, in which magnetite can be very unevenly distributed. The total gradient transform is commonly used in mapping kimberlite pipes, in part because it has very little sensitivity to magnetization direction Sailhac, 2004, Chen et al., 2009) . Figure 7 shows a perspective view of the best plunging elliptic pipe inversion model (blue) and the best vertical elliptic pipe inversion model (purple). The plunging pipe model produces a closer fit to the data, but that improved fit may not be significant, and needs to be weighed against possible geological preference for a vertical structure. The plunge of the best-fit model is 51° towards the northwest. The magnetization of the best-fit model has a declination of 148°, and an inclination of +18°. The magnetization of the vertical model has a declination of 147° and an inclination of +9° (a difference of less than 10°). These are resultant magnetizations (the vector resultants of induced and remanent magnetizations), but the departure of 126° from the geomagnetic field reveals that the remanent magnetization is substantially stronger than the induced, and that its direction is likely to be close to the estimated resultant direction. Figure 9 shows images of the measured and model computed TMI, generated identically. Clearly a simple, homogeneous magnetization model mostly matches the data at this elevation. The apparent magnetization intensity of the best-fit model is 3.5 A/m, and that of the vertical model is 8.3 A/m (primarily because of its lower volume -the amplitude * cross-sectional area product ratio for the two bodies is 1.1). If our interpretation is correct that the total gradient enhancement reveals inhomogeneity of magnetization, then a ground survey is likely to reveal substantial local variations in intensity of magnetization, although we believe that the estimated direction of magnetization is quite robust. In support of this, Figure 10 shows reduced-to-pole (RTP) images of the anomaly conducted using a standard induced-magnetization transform (with magnetization direction identical to the local geomagnetic field direction), and a transform using the magnetization direction recovered from the best-fit inversion model. The resultant magnetization direction produces an RTP with the expected properties that it is compact and single-signed. 
THE MODEL

FURTHER INVESTIGATION
In order to develop an integrated methodology to link this magnetic feature to its geological source, several surface samples have been collected for analysis. A detailed ground magnetic and gravity survey are planned to further investigate the geophysical character of this source. At the present time, gravity data over the study area is limited to a six km regional grid. Geochemical and biogeochemical sampling, along with XRF / XRD measurements are also planned.
CONCLUSIONS
Inversion of a magnetic anomaly revealed in a high-resolution aeromagnetic survey of the Teetulpa Goldfield has produced a model of a shallow body we interpret to be a kimberlite. Enhancement of the data suggests that the magnetization is inhomogeneous, and we expect to see greater evidence of that in a subsequent ground magnetic survey. Further field investigation will further delineate the source of this shallow magnetic feature.
